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Abstract 
The vortex spray tower is widely used by researchers because the cyclonic flow can be generated which promote the 
relative flow between the gas and liquid phases. In this work, the CFD software is used to numerically simulate the 
flow field in the vortex spray tower. The figures of tangential velocity, axial velocity, radial velocity and particle 
tracks are provided, and the discipline of the gas and liquid flow in the vortex spray tower is analyzed. 
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1.  Introduction 
Spray tower is widely used in the air pollution control field such as desulfuration, denitrification and 
CO2 removing. With the advantages of high relative velocity of the gas and liquid, large contacted area 
and simple device structure [1,2], spray tower has become one of the most important gas pollutants 
removal devices which are preferably utilized in the field of both science and engineering. Recently, 
Computational Fluid Dynamics (CFD) technique has been more and more prevalent to simulate the 
chemical absorption process and result. It has the advantages of low cost, fast design and calculate, 
complete information and strong simulation analog capability [3-5]. 
Based on the structure of the spray tower, the tangential gas admission is utilized to generate cyclonic 
flow in the vortex spray tower. In this case, the contact of gas and liquid is more complete, the mass 
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transfer is stronger, and the relative gas-liquid velocity and the absorption efficiency are higher. Therefore, 
the vortex spray tower is accepted and studied by more and more domestic and foreign researchers. Javed 
et al [6,7] had investigated the mass transfer and CO2 absorption performance in the vortex spray tower 
by doing experiments, and proved the enhancement effect of cyclonic flow on mass transfer and CO2 
absorption performance. However, the further research of vortex spray tower has not been proposed, so it 
is necessary to study more complicated situation of the vortex spray tower. Many researchers had done 
the numerical simulation of the flow field and particle tracks of the cyclone separator and spray tower 
which provided very good models for the research of the vortex spray tower [8-12]. 
In this paper, the author did the numerical simulation of the flow field of the vortex spray tower, 
provided the figures of tangential velocity, axial velocity, radial velocity and particle tracks, and analyzed 
the discipline of the gas and liquid flow in the vortex spray tower. 
2.  Model and approach 
2.1. Physical model and grid system 
Fig. 1 and 2 show the schematic diagram and the grid of the vortex spray tower. Considered the 
practical application and the size of the tower, the hexahedral structured grid is used to divide the model. 
It contains 18600 control cells, 57520 faces and 20421 nodes. 
 
 
 
 
 
 
 
 
Fig.1. Schematic diagram of the vortex spray tower                                     Fig.2. Grid of the vortex spray tower 
2.2. Governing equations 
Usually, Fluid flows have been mathematically described by a set of nonlinear and partial differential 
equations named the Navier-Stokes equation. For the steady and incompressible fluid flow in cyclones, a 
Reynolds-averaged Navier-Stokes equations (RANS) can be expressed as: 
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Where the superscripts i, j= 1,2,3 indicate the components in the Cartesian coordinate system  u , ρ, p 
and µ represent the fluid velocity, density, pressure and viscosity, respectively, and 
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jiij uu ′′−= ρτ                                                                                        (3) 
is defined as the Reynolds stress tensor which represents the effects of the turbulent fluctuations on the 
fluid flow. The dash represents the fluctuating part and the over bar represents a Reynolds average. 
However, the above equations are not closed unless the Reynolds stress tensor is determined by use of the 
turbulence model. In order to modeling the Reynolds stress tensor, many turbulence models have been 
developed to utilize the cyclone simulation. The representative models include the k-ε Model (KEM), 
Algebraic Stress Model (ASM) and Reynolds Stress Model (RSM). In these models, The RSM presents 
the characteristics of anisotropic turbulence and requires the solution of transport equations for each of 
the Reynolds stress components as well as for dissipation transport. Therefore, this model provides a 
potentially excessive computational effort for the three-dimensional simulation of the fluid flow in 
cyclone. According to assumptions of governing equations, the transport equation of RSM is simply 
written as: 
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Where the eddy viscosity µ is determined by the usual formula: 
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The turbulent kinetic energy k and the turbulent dissipation rate ε are solved by the following 
equations, respectively: 
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The values of the constants which appear in the RSM model are usually assigned as follows: σk =0.82, 
Cµ=0.09, σε =1.0, Cε1=1.44, and Cε2 =1.92. 
2.3. Solution strategy  
For the gas phase, the RNG k-ε and Reynolds Stress turbulent models are employed to solve the 
governing equations. And the second order upwind and QUICK schemes are respectively selected to use. 
The SIMPLE algorithm is applied for pressure-velocity coupling and PRESTO for the pressure 
discretization. For the liquid phase, the FLUENT software provided several Multiphase models. When the 
concentration of particle is high, the multiphase models can be used. However, if the volume fraction of 
the particle is lower than 10%, the Discrete Phase Model (DPM) is usually selected. In this work, the 
DPM is employed with the Discrete Random walk model to track the orbit of the particles. 
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2.4. Boundary conditions 
(1) Boundary condition at the inlet. The air at the room temperature is employed, which ρ=1.225kg/m3. 
The type is velocity inlet with the hydraulic diameter 18mm, and the turbulence intensity can obtain by: 
 
I=0.16（Re）-1/8                                                                   (8) 
(2) Boundary condition at the outlet. The type is set as outflow. 
(3)A non-slip boundary condition is imposed on the wall. Generally, the log-law of the standard wall 
function is used for the wall treatment as following: 
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and near the wall, the value of the dissipation rate of the turbulent kinetic energy is given by 
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where κ=0.4187 (von Karmon constant), E=9.793. 
For the liquid phase, the injection type is solid-cone, both the boundary conditions at the inlet and 
outlet are escape, which is wall-film at the wall. 
3. Results 
3.1. Tangential velocity 
Fig 3 and 4 display the tangential velocity with different flowrate at z=0.6m and the tangential velocity 
with different height at Q=200L/min. It is observed that, the tangential velocity, as a function of position, 
is increasing with an increasing radius in the domain flow region and tends to zero from the boundary 
layer to the wall. It should be noted that the distribution of tangential velocity in the cyclone spray 
scrubber is significantly different from that in the conventional reverse-flow cyclone separator, which is 
called “Rankine vortex”. This phoneme is consistent with the experimental result reported in literature 
[13].  In addition, with the increase of flowrate, the tangential velocity increases at the same monitoring 
section, indicating increasing flowrate gives rise to the increase of swirl intensity. In the same flowrate, 
the tangential velocity reduces with the increasing height of cyclone spray scrubber, indicating the swirl 
flow is gradually decayed by the wall friction. But high flowrate or inlet velocity is helpful to prolong the 
decaying distance of swirl flow. Moreover, due to the instability of vortex, the tangential velocity dos not 
present strictly an axisymmetric distribution at the different height. 
3.2. Axial velocity 
Fig 5 and 6 display the axial velocity with different flowrate at z=0.6m and the axial velocity with 
different height at Q=200L/min. It is observed that, in the central region, the axial velocity is negative, 
which indicates that there is downward flow in this region. Both the downward axial velocity in the 
central region and upward axial velocity in the outer region increase with the increase of flowrate. 
Moreover, in the same flowrate, the axial velocity value reduces with the increase of height, indicating the 
velocity gradient is reduced accordingly. This may be attributed to the decay of the swirl flow. 
1076  Leilei Li and Bingtao Zhao / Energy Procedia 16 (2012) 1072 – 1077 Leilei Li and Bingtao Zhao / Energy Procedia 00 (2011) 000–000  
Additionally, the axial velocity presents the strong non-symmetry and instability in the z direction, which 
is similar to the tangential velocity. 
3.3. Radial velocity 
Fig 7 and 8 show the radial velocity with different flowrate at z=0.6m and the radial velocity with 
different height at Q=200L/min. It is found that the radial velocity is far lower than the tangential velocity, 
and increases with the increasing flowrate. Further, the radial velocity increases with the increase of 
height. And the radial velocity is not strictly point symmetric. 
3.4. Particle Tracks 
The water is used to simulate the liquid flow in the vortex spray tower. Its flow rate is 3L/min, the 
initial droplet size is 133.8μm and initial droplet velocity is 3.7m/s. Fig.9 shows the particle tracks in the 
vortex spray tower. The particles are sprayed from the nozzle at the top of the tower, and generated liquid 
film in the wall. 
 
 
Fig.3. tangential velocity with different 
flowrate at z=0.6m 
Fig.4. tangential velocity with different 
height at Q=200L/min 
 
Fig.5. axial velocity with different 
flowrate at z=0.6m 
 
Fig.6. axial velocity with different 
height at Q=200L/min 
 
Fig.7. radial velocity with different 
flowrate at z=0.6m 
Fig.8. radial velocity with different height 
at Q=200L/min 
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Fig.9. Liquid particle tracks of the vortex spray tower 
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